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REVOLUTIONATMACHNUMBERSNEAR1.o1

ByWalterF.Iindsey

Testsutillzingtheschlieren,methodofflowphotographyhavebeen
conductedtoprovidea comparisonofthecompleteflowfieldspastan
unswept-anda swept-win#mdycombinationandtheflowfieldspast
theireqyival&tbodiesofrevolution,atMachnunibersmound1.0.The
resultsindicatedthattheshockgrowthandpositionsonthewing-body
combinationswerecloselyreproducedintheflowpasttheequivalent
body.

INTRODUCTION

Thecorrespondenceofdragbetweenawing-bodycotiinationandits
equivalentbodyofrevolutionesdeterminedbythetransonic‘tarearule”
wasstatedinreference1 toreqyirea correspondenceoftheflowfields
andshockformationaboutthetwobodies.Som limitedinformationon
theflowfieldsinreference1 indicatedthatsucha conditionexisted.
Jhtheabsenceofinformationwherebya comparisonofthecompleteflow
fieldspastawing-bodyconibinationanditsequivalentbodycouldbe
msde,testsutilizingtheschlierenmethodofflowphotographyhavebeen
conductedtoprovidethisinformationbyexsminingthecompleteflow
fieldsandtheshockformationsexistingontwowing-bodycoxibinations
andtheirequivalentbodies.

APPARATUSANDTESTS

ThetestswereconductedintheLangley4-bylg-inchsemiopen
tunnel(ref.2),whichhadbeenmodifiedtooperateona direct-blowdown

%upersedesrecentlydeclassifiedNACAResearchMemorandumL~A28a
byWalterF.Lindsey,19%.
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principle.A supportstingwhosediameterwasequaltothebdy diameter “
atthebody-stingjunctureendincreaseddownstream(fig.1)wasinstalled
inthetunnel.Ml modelsinvolvedinthisinvestigationweresupported
atanangleofattackof0° onthesting.

Themodelsconsistedofbodyalonejtwowing-bodycofiinations,
andtheirequivalentbodies.Thebasicbodyusedinall.conibinations
hada finenessratioofU?snda profileasshowninfigurel(a).The
wingofoneconibtitionwasa45°sweptbackwinghatinga taperratio
of1 andsnaspectratioof3.9. ThewinghadanNACA66-006airfoil
sectionina streamwisedirection.Theequivalentbodyhadthesam
longitudinalareadistributionandisshowninfigure1. Thewingof
thesecondwing-bodyconibinstionwasanunsweptwinghavinga taper
ratioof1 andanaspectratioof1.5. Thewinghada 6-percent-thick
symmetricalcircular-arcprofilewithmaximumthicknessat50percent
chord.Theprofileandareadistributionoftheequivalentbodyfor
thiscotiinationarealsoshowninfigure1. Theprofilesofthe
equivalentbodiesforbothwing-bodycombinationscanbe comparedin
figurel(a).Thebumponthebasicbodyformedbytheadditionofthe
cross-sectionalareaofthesweptwingjinaccordancewiththetransonic
arearule(ref.1),extendedalongthebodyfora distanceof40percent ,
ofthebodylengthsndhadameximmmheight(incrementinradius)of
17percentofthebasicbodyradius.Thebumpformedbytheaddition
ofthecross-sectionalareaoftheunsweptwingextendedtora distsnce
of25percentofthebodylengthandhadamaximumheightof41percent
ofthebodyrsdius.Thebumpforthesweptwingthusrepresentsa
relativelysmalldisturbanceonthebody>whereasthebumpforthe
unsweptwingrepresentsa moderatelylargedisturbance.

Dataontheflowfieldsofthemodelswereobtainedon35-millimeter
filmintheformofschlierenphotographstakenasmotionpicturesofthe
flow;thesedatawereobtainedfora slowlybutcontinuouslyincreasing
Mch nuuiberoverthespeedrange,followedbya similardecreasein
Mch nuuiber.Thevariable-frequencylightsourcedescribedinrefer-
ence3 wasusedandlimitedeachpicturetoaneqosureofabout
4 microseconds.TheWch nuuiberforanygivenphotographwasidentified
bya Machnuniberindicatorthatextendedintothelowerpartofthefield
.ofobservation.Thebodies>aspreviouslystated2weremountedatan
angleofattackof0° andthewingsonthebodywereorientedwith
respecttotheopticalaxisoftheschEerensystemat90°,45°, andOO.
Forthe0°viewjthewingwasalongtheoptical.axisoftheschlieren
systemandwasnotobservableintheschMerenpictures.

Thetestswereconductedovera Machnuniberrsngefromapproximately
0.7toslAghtlyabove1.0ata constsatstagnationpressureof20psia.
ThecorrespondingReynoldsnuniberbasedonbodylengthata Machnuuiber ~
of1 was3 x 106.
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RESUUJ!SAMDDISCUSSION

.

Selectedphotographsfromthemotionpicturesarepresentedfor
thebodyaloneandforthewing-bodycotiinationsatMachnunibersof
0.95,0.98,1.0, andapproximatelyl.&,sincethesephotographscover
theKch nuniberrangeofshockdevelopment.Photographsoftheflow
pastthebodyalone(fig.2)showthatthebodyshockbeginstoformat
a Machnumberofappro-tely0.98andmoves rearwsrdSIOng the bodywith
increasingMachnuniber.TheadditionofCarborundumonthenoseofthe
bodytofixtransitionoftheboundaryleyerhadnoeffectontheshock
patternnoronthelocationoftheshocksexcepttoproducecharacter-
isticdisturbancepatternsattheroughnesslocation.(Compsrefigs.2
and3.) Thesimilari~ofshockformationindicatesthattheturbulent
boundsrylayerproducedby Carborundumdoesnotaffecttheshockforma-
tionandthata smoothmodelmsybeusedthroughoutthetestswithout
my appreciableeffectofsuddentransitionintheboundary~er on
thesnnoth-nosemodels.

lhordertoexaminecarefulJytheflowaboutthewing-bodycom-
binations,threeviewsoftheflowweremade- onetakennormaltothe
spanofthewing(90°view),thesecondtakenalongthespanofthe
wing(0°view),endthethirdtskenmidwsybetweenthesetwo(45°view).
Fromanexaminationoftheflowinthethreeviews,theaxiallysymmetri-
cal.ordissymmetricalnatureoftheflowpastthewing-bodyconibinations
canbedetermined.Thethreeviewsoftheflowpastthe45°swept—wing—
bodyconibinationandtheviewsoftheflowpastitsequivalentbodyat
Machnunibersf~m 0.95to*outl.Okareshowninfigure4. Ata Mach
nuniberof0.95(fig.4(a))onlyminorshocksareobservedinthethree
viewsandthereisclosecorrespondenceoftheflowpastthewing-body
andtheequivalentbody.h increaseinthelhchnumberto0.98
(fig.4(b))producessomewhatstrongershocks;and,again,similsr
flowconditions=e observedonthewing-bodycoribinationandequivalent
body.AtthisMachnuuiberthebodyshockisformedaheadofthewing.
Ata Machnumberof1.0(fig.4(c)),theshockhasmoveddownstreamand
islocatednearthewing-tiptrailingedgeandextendscompletelyacross
thebody.Thethreeviewsoftheflowpastthewing-bodyconibination
indicateanappromtelyaxiallysymmetricaltne offlow,whichis
well-reproducedbytheequi.v~entbodynotody inappearanceofshock
strengthbutalsointhelocationsofthebodyshocksheadofthewing
andthemainshock.Ata Machnuuiberofl.@,thereissomevsriation
intheshockappearancearoundthebodyinthewing-bodycombinationor
someaxialdissymmetryoftheshock.Thisvariationisslight,however,
andtheshockpatterniswell-du@icatedontheequivalentbody.The
flowconditionsobservedpastthewing-bodyconibi.nationanditsequiva-
lentbodyindicatethatthroughoutthespeedrangeoftheteststhe
appearanceandgrowthoftheshocksonthewing-bodycombinationare
well-duplicatedontheequivalentbcily,whosedistortionfromthebasic

.
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bdy representsa smalldisturbance.Thisresultindicatesequivalence
ofdragonanuntaperedsweptbackwing-bodyccmibinationauditsequiv- “

slantbody.Theinvestigationofreference1 ontaperedsweptbackwing-
bodycombinationsendtheirequivalentbodiesshowedgoodagreement,
althoughthedataalsoindicatedthatbodyshapecouldhavescunesecond-

.

ordereffects.

Theflowpasttheunswept-wing~odyccmibinationanditsequivalent
bodyisshowninfi~-e5. Ata Machnunberof0.95(fig.5(a)),the
flowpastthewing-bodycofiinationappearssimilarb thedifferent
views;thus,approximatelyaxialsyunnetryofshockformationisindi-
cated.TheshocklocationsomewhatsheadofthewingtrailAngedgeis
welJduplicatedontheequivalentbody.At aMachnl.miberof0.98
(fig.5(b)),theshockisatthetraillngedgeofthewingaudlittle
differenceisnotedinthethreedifferentviewsoftheflowpastthe
body.Theshocklocationisapproximatelythessmeasontheequivalent
body,yettheequivalentbodydoesproducea smalldifferenceinthe
shockattheshock-bodyjuncturewheretheshockisforked.At a Mach
nuniberof1.0(fig.5(c)),thebodyshockahesdofthewingoccurs
nesrthessmelocationinthethreeviewsoftheflowpastthewing-body
conibinationasontheequivalentbody.Themainshockbehindthewing, . .
however,doesshow,inthethreedifferentviews,considerabledevia-
tionfromaxialsynmetry.Theflowpasttheequivalentbodyhasthe
ssmelocationofterminalshockandbodyshockandproducesa terminal
shockwhoseshapethroughoutthefieldappearstobeanaverageofthe
variouslyshapedterminalshocksobsezwedonthewingbody.Theflow
pasttheequivalentbodyisauaxiallysymmetricalrepresentationof
theaxiallydissynmetricslflowpastthewing-bodyconibination.A
sindlar conditionisobservedata Machnwiberofapproximately1.@
(fig.5(d)).

Theseresultsindicatethat,whenthewing-bodyconibinationgives
risetorapidchangesinareaalongtheaxisofitsequivalentbodyand
representsanmderatelylargedisturbance,axialdissynunetryofthe
shockformationcanoccur,yettheequivalentbodyprovidesa flowcon-
ditionthatcloselycorrespondstoanintegratedeffectofthedis-
symmetryintheaforementionedshockformation.Theflowpastthe
equivalentbodywouldbe expectedtoprovideincrementsindragdueto
.shockthatwouldclose3ycorrespondtotheincrementsindragdueto
shockonthewing-bodyconnation.

Theresultsofthetestsonthetwowing-bodycotiinationshave
indicatedthattheflowpasttheequivalentbodyduplicatesorclosely
approximatesthatpastthewing-bodyconibinations;furthermore,the
resultsindicatethat,astheb- represent~ tie @ng area onthe
equivalentbodydepartsradicallyfroma slenderbumporsmalldis-
turbsmce,thesimilarityofflowbetweenthewing-bodyconibinationand
itsequivalentbodydiverges.Presumably,therefore,awing-body
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combinationha- anuswepttig ofaspectratiogreaterthan1.5and
thickness-chordratiogreaterthan6percentwouldnotonlyhavecon-
siderableaxialdissymmetryoftheflowpastthemodel,butthediffer-
encesbetweentheflowpastthemodelandtheflowonitsequivalent
bodywouldbelsrgerthanthoseshownherein.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Ian@eyFieM,Vs.,January13,1954.
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(a) Profiles.

Figme 1.. Rrofiles and area distributima fcm bdy and equivalent bodies.
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0° view mvelemt body

(d) M - 1.*.
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Figure 4.- concluded.
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(a) M = 0.95.

Mgure 5.- Body with unswept wing..
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